s ' e n t r e c h o q u e n t a v e c d e s atde g a z r a r e .
L e s d i s t r i b u t i o n s d f & t a t d e c h a r g e d e s i o n s d e r e c u l d e gaz r a r e a p r e s un o u d e u x p r o c e s s u s d e c a p t u r e B l e c t r o n i q u e m o n t r e n t l ' i n f l u e n c e f o r t e d u p r o c e s s u s d ' i o n i s a t i o n d e t r a n s f e r t . L e s r k s u l t a t s s o n t d i s c u t e s 6 l ' a i d e d ' u n a p p r o c h e s t a t i s t i q u e e m p l o y a n t l e m o d e l e " o v e r -b a r r i e r " c l a s s i c l u e .
A b s t r a c t -A t i m e -o f -f l i g h t t e c h n i q u e h a s b e e n u s e d f o r i n v e s t i g a t i o n o f t r a n s f e r 5+ 13c6+ 15N7+ 1808+
i o n i z a t i o n p r o c e s s e s o f b a r e B , a n d F' + p r o j e c t i l e s c o l l i d i n g w i t h r a r e g a s a t o m s . C h a r g e -s t a t e d i s t r i b u t i o n s o f n o b l e g a s r e c o i l i o n s a f t e r o n ea n d two-e l e c t r o n c a p t u r e p r o c e s s e s show t h e s t r o n g i n f l u e n c e o f t h e t r a n s f e r i o n i z a t i o n p r o c e s s . 'The r e s u l t s a r e d i s c u s s e d w i t h i n a s t a t i s t i c a l a p p r o a c h i n v o l v i n g t h e c l a s s i~a l o v e r -b a r r i e r model.
C o l l i s i o n s o f m u l t i p l y c h a r g e d i o n s o n many e l e c t r o n t a r g e t s a r e c u r r e n t l y a s u b j e c t o f g r e a t i n t e r e s t . T h e s e c o l l i s i o n s are c h a r a c t e r i z e d by v e r y l a r g e c r o s s s e c t i o n s a n d t h e y may p o p u l a t e h i g h l y e x c i t e d s t a t e s which u s u a l l y d e c a y v i a a u t o i o n i z a t i o n . As a r e s u l t t r a n s f e r i o n i z a t i o n ( T J ) p r o c e s s e s may o c c u r . Many plasma p r o p e r t i e s are e f f e c t e d by t h e l a r g e c r o s s s e c t i o n s f o r t r a n s f e r a n d i o n i z a t i o n , i n c l u d i n g t h e e n e r g y a n d c h a r g e -s t a t e d i s t r i b u t i o n s i n t h e plasma. Ilence, many e x p e r i m e n t s h a v e b e e n p e r f o r m e d and v a r i o u s t h e o r e t i c a l a p p r o a c h e s h a v e b e e n made.
' I h j s p a p e r w i l l show e x p e r i m e n t a l r e s u l t s o f t h e c h a r g e -s t a t e d i s t r i b u t i o n o f n o b l e g a s r e c o i l i o n s a f t e r one-a n d t w o -e l e c t r o n c a p t u r e by b a r e p r o j e c t i l e s . B e c a u s e many e l e c t r o n s a r e i n v o l v e d , a s t a t i s t i c a l a p p r o a c h b a s e d o n t h e classical b a r r i e r model i s u s e d f o r d e s c r i b i n g t h e e x p e r i m e n t a l r e s u l t s .
( 1 ) e x c e r p t from tt1esi.s G. Mank Fig. 1 . The momentumanalyzed ion beam is cleaned by a 9 0 ' cylindrical electrostatic analyzer and is collimated to typically 1.7 mrad FWHM. After intersecting a thin gas target emerging from a narrow tube at an angle of 9 0 ' the charge-transferred projectiles are separated with respect to their charge states from the parent ion beam in an electric field configuration. The scattered ions hit a two-dimensional position-sensitive detection system (PSD) with a resistive anode which has a diameter of 40 mm. The recoil ions are extracted by an electric field (300 V/cm) perpendicular to the collision plane and travel through a drift region before reaching a multichannel-plate detector (MCP). Simultaneously, there is the possibility to extract electrons in opposite direction into a channel-electron multiplier (CEM). The polarity of the extraction field can be changed, so that recoil ions can also be detected in the channel-electron multiplier.
. . No carrections have to be made for residual gas components, since the base gas pressure is about 2~10-~mbar. Also, the single collision condition was fulfilled as verified by changing the target gas pressure. For the two-electron capture process small corrections of less than 5% have to be made since charge-changing processes before or after the collision region result in "forbidden" B1+ recoil-ion peaks. The main source of error is due to statistical uncertainties which usuzlly are less than 10%. Gnly in the case of F~+ projectiles or two-electron capture processes they amount up to 15%. Various test measurements have been made, and the results differ only within the statistical errors.
3-RESULTS AND DISCUSSION
The experimental results demonstrate the important contributions of transfer-ionization processes to electron capture collisions in the low energy range. Figure 2 shows the percentage of TI in one-electron-capture collisions (R = 100%-F ) of bare ions B5+, c6+, 1 N7+, 08+, and Nel0+ /2/ with noble gas atoms B = He, Ne, Ar, Kr, Xe. The percentage of TI increases with increasing target atomic number and seems to saturate at about 45% for Zr the heavier targets. No significant dependence on the projectile species is observed. 
F i g u r e 3 shows t h e i n f l u e n c e o f t h e T I p r o c e s s e s o n t h e mean r e c o i l -i o n c h a r g e s t a t e s
< i > i n c r e a s e s w i t h i n c r e a s i n g ZI, s h o w i n g n o n o t i c a b l e d i f f e r e n c e f o r t h e d i f f e r e n t .
p r o j e c t i l e s . T h e s l o p e o f i n c r e a s e i n t h e t w o -e l e c t r o n -c a p t u r e p r o c e s s ( k = 2 ) is h i g h e r t h a n i n t h e c a s e o f o n e -e l e c t r o n c a p t u r e ( k = l ) , s i m i l a r t o r e s u l t s o b s e r v e d b e f o r e / 3 / .
A quantum m e c h a n i c a l t r e a t m e n t of T I p r o c e s s e s w o~l d b e e x t r e m e l y d i f f i c u l t d u e t o t h e c o m p l e x i t y o f t h e n a l t ; --c h a n n e l p r o b l e m . T h e r e f o r z , = h e r e is a n e e d f o r s i m p l e m o d e l s w h i c h g i v e q u a n t i t a t i v e r e s u l t s . Asscming t h e t r a n s f o r o f i e l e c t r o n s i n a n e x t e n s i o n . H e n c e , t h e t o t a l c r o s s s e c t i s n s U-c: c a p t u r i n g i e l e c t r o n s c a n b e 9 c a l c u l a t e d f r o m T h e t a r g e t i s l e f t ? n t h e c h a r g e s t a t e i w i t h o u t a n y e x c i t a t i o n e n e r g y , w h i l e r h e h i g h l y e x c i t e d p r o j e c L i l e h a s t h e p o s s i b i l i t y t o a v t o i o n i z e / 4 , 5 , 9 / . T h e a c t o i o n i z a t i o n p r o t a b i l i t y c a n b e c a l c u l a t e d w i t 5 s t a t i s t i c a l m e t h c d s / g / . I n t r o d u c i n g t h e probability t o e v a p o r a t e Comparisons between c a l c u l a t e d t o t a l a n d p a r t i a l c r o s s s e c t i o n s and e x p e r i m e n t a l r e s u l t s / 1 0 , 1 1 / show t h a t t h i s s i m p l e mo3el i s a b l e t o d e s c r i b e t h e e x p e r i m e n t a l c r o s s s e c t i o n s q u a n t i t a t i v e l y . Except ;or t h e lie t a r g e ; , t h e e x p e r i m e n t a l d a t a a r e v e r y w e l l d e s c r i b e d ky t::~ x~L.21. Good a g r e e m e n t h a s been a l s o o b t a i n e d f o r t h e f r a c t i o n s F . measure6 w i t h t h e o t h e r b a r e p r o j e c t i l e i o n s . O n l y i n t h e case o f g5+ t 2 s model d i f f e r s t e r y riuch from tk.? e x p e r i m e n t a l d a t a , which l e a d s t o f u r t h e r investigations /12/.
'l'arget atomic number Z, o f t h e mean r e c o i l -i o n c h a r g e s t a t e f o r i n c r e a s i n g c h a r g e s t a t e s Z = 5, ..., 9 . A l t h o u g h t h e p o t e n t i a l e n e r g y i n v o l v e d i n t h e c o l l i s i o n s y s t e m i n c r e a s e s s t r o n g l y w i t h Z , n o d i f f e r e n c e f o r t h e same t a r g e t c a n be s e e n w i t h i n e x p e r i m e n t a l u n c e r t a i n t i e s . The s i m p l e model p r e s e n t e d h e r e p r e d i c t s r e c o i l -i o n c h a r g e -s t a t e f r a c t i o n s F which a r e i n good a c c o r d w i t h i measured v a l u e s f o r o n e -e l e c t r o n c a p t u r e p r o c e s s e s .
